THE EFFECT OF OXIDANTS AND REDUCTANTS UPON THE BIOELECTRIC POTENTIAL OF NITELLA by Blinks, L. R. & Pickett, M. J.
THE  EFFECT  OF  OXIDANTS  AND  REDUCTANTS  UPON  THE 
BIOELECTRIC  POTENTIAL  OF  NITELLA* 
BY L. R. BLINKS AND M. J. PICKETT 
(From the School of Biological Sciences, Stanford  University) 
(Received for publication, May 20, 1940) 
The  surface of the living  cell has so many unexplored  properties,  and is 
capable  of responding  electrically  to so many  changes  in  the environment 
(both ionic and otherwise),  that  it seemed desirable to test its response  to 
oxidizing  and  reducing  agents.  This  is especially  significant,  since it has 
been  shown  by many  workers  I-°  that  bioelectric  potentials  are influenced 
by oxygen tension (as well as by metabolic agents of other sorts); as a result, 
some  theories 7, s  have  emphasized  the  relationship,  or even  the  identity, 
of oxidation-reduction  potentials  with  bioelectric  potentials. 
Oxidants  and reductants  have therefore  been applied  directly to several 
algal  cells  well  adapted  to  bioelectric  measurement.  The  results  with 
Nitella  axe  presented  here. 
Material and Method 
The Californian  Nitdla clarata  has been employed.  Nitella has certain advantages 
for these studies; it can be exposed to low salt concentrations, (even to distilled water), 
as compared to marine plants such as Va/on/a  and Halicysgs, so that the full effect of 
oxidants  or  reductants  can  be  observed,  without  possible interference  by high  salt 
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concentration (masking by strictly ionic effects, salting out of dyes, etc.).  Buffering, 
which will be seen below as important,  is also a  simpler problem than  in sea water, 
where calcium and magnesium tend to precipitate  out in some buffers.  The state of 
the cell can at all times be tested without changing solutions, by applying a sumcient 
voltage to initiate an action current.  And the ceils have been found remarkably unin- 
fluenced by low oxygen tensions  (in contrast to ttalicystis, 9 and even to Valonia),  so 
that highly reducing conditions can be main- 
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FIG.  1.  Arrangement  for  holding 
Nitd/a cell, in cleft of agar block, the 
lower end dipping into the experimen- 
tal  solutions,  which are  changed by 
lowering and replacing the vial.  KCl- 
agar bridges  (the  upper  not shown) 
lead  to  calomel  electrodes.  A  gold 
electrode was also sometimes inserted 
in the vial to measure the oxidation- 
reduction  potential  of  the  solution; 
and a fine tube led in hydrogen to re- 
duce  dye  solutions  (with  platinized 
asbestos as catalyst), or air to re-oxi- 
dize them.  The entire apparatus was 
covered with a  bell jar,  and a nearly 
saturated  atmosphere  maintained  to 
prevent drying of cell. 
tained without complications due to the  Lack 
of oxygen itself. 
On the other hand, with the external  con- 
tacts  employed,  there  is  perhaps a  little  less 
certainty that the end of the  cell  immersed in 
the given oxidizing or reducing solution attains 
quite  the  conditions  desired,  since  diffusion, 
and active protoplasmic streaming,  may tend 
partly to equalize conditions at the two ends. 
An impalement technique, with the entire cell 
~mmersed in the given solution, is of some ad- 
vantage here,  and  has been employed in  the 
ease  of the  other  plants.  In view, however, 
of the considerable length of cell immersed in 
the given solution, and the lack of any visible 
coloring along the cell when reduced dyes are 
applied to it, it is believed that this  is not a 
serious dii~culty. 
The actual arrangement employed is shown 
in Fig. 1.  An internodal cell of 5 cm. or more 
in length  by 1 ram.  diameter,  was separated 
from adjacent cells some days before, and kept 
in pond water until used.  One end was then 
mounted in  a  cleft  of a  soft  agar  block well 
soaked in pond water, and the lower end im- 
mersed  for about  2  cm.  in  a  vial  of the  de- 
sired sohtion.  KCbagar bridges made contact 
with distant calomel electrodes.  Not shown in 
Fig.  1 are a  fine tube for bubbling  air or hy- 
drogen, immersed in the viM, and in some cases 
a  gold electrode  for  determining  the  oxidation-reduction  potential  of  the  solution. 
Usually the Latter was determined immediately before or after application to the cell. 
The entire apparatus as shown, as well as the calomel dectrodes, was covered between 
manipulations  with  a  gLass bell  jar,  within which a  nearly saturated atmosphere was 
maintained  to prevent  drying of the  cell. 
Electrical measurement was by compensation with  a  potentiometer,  using as null 
instrument a vacuum tube electrometer to draw no appreciable current.  A stimulat- 
ing potential (100 to 500 my.) could be applied from the potentiometer by momentarily 
shunting the electrometer, and then opening it immediately to follow the course of the 
action potential and its transmission down the cell.  Only cells  which gave a  charac- L.  R.  BLINKS  AND  M.  J.  PICKETT  35 
teristic stimulation response were considered as normal.  This usually persisted  under 
all the treatments  here reported,  disappearing only after long exposures to the more 
toxic solutions (e.g., safran[u).  Another test usually made after applying oxidants and 
reductants  was exposure to NaC1 or KCI of two concentrations, to see if the normal 
response to these still occurred.  As shown in several of the figures, it was always ob- 
tained,  even  when,  as  usual,  little  or  no  response  had  been given to oxidants or 
reductants. 
In addition, visual tests  of condition such as appearance of plastids,  protoplasmic 
streaming, and turgidity of the cell were made to assure healthy cells  throughout.  In 
general, the treatments, except with hydrosulfite as a reducing agent, were not injurious 
over the periods of exposure. 
Usually the observed 1,.D. was close to zero, because with both ends of the cell intact, 
the equal and opposite potentials at each end cancelled each other.  When there is a 
P.v., the sign is that of the solution at the end under treatment (lower end of cell, in vial), 
as measured in the electrometer circuit.  That is, when the lower solution is positive, 
a  positive current  tends  to flow outward across the protoplasm at  that  end,  toward 
the measuring instrument.  This is the usual convention in bioelectric measurements, 
but it should be noted that it is the opposite to that used in oxidation-reduction mea- 
surements, where the sign is that of the measuring electrode, not that of the solution in 
contact with it.  Thus if the Nitell~ cell acted like a gold electrode, (which it does not 
in these experiments), it would tend to become positive in oxidizing solutions, making 
the outer solution, and hence the bioelectric potential,  more negative; and vice v¢rs(~ 
with  reducing  solutions. 
Room temperatures from 20 to 25  ° usually prevailed.  Values in light and dark were 
not appreciably different, either with the cells or with electrodes, but bright light was 
avoided. 
The Eh v~lues given for the several solutions were observed at a gold, as well as at a 
platinum electrode, (against a saturated calomel electrode, but corrected to the normal 
hydrogen electrode by the customary factor,  -t-0.245  v.).  They are in fair agreement 
with the published E~ values  1°, 11 for the substances concerned, but any deviations  are 
of no significance for the purpose in hand, as they are probably due to impurities which 
affect the fully oxidized or reduced substances as here used, much more than a 50 per 
cent mixture of oxidant and reductant. 
Several different oxidation-reduction systems were employed, of which those reported 
here ranged from ferricyanide, with Eh  =  -I-0.454 v. to reduced safran[u, with Eh  ---- 
--0.288v.,--arauge of 0.740v.  Intermediate between these were: ascorbic and dehydro- 
ascorbic  acid;  ortho-chlorophenol-[udophenol  (oxidized  and  reduced);  and  indigo-di- 
sulfonate  (oxidized  and  reduced).  Most  of  these  were  employed  around  0.001  ~, 
although a few were more concentrated, as indicated in the figures.  The exact molarity 
is questionable in the case of the dyes, because of unknown impurities  (neutral salts, 
insoluble fractions, etc.), but is not important because the identical solution was always 
employed in both its oxidized and reduced state, being reduced by hydrogen plus pew- 
10 Michaelis,  L.,  Oxidations-Reduktions-Potentiale,  Julius  Springer,  Bed[u,  1929. 
11 Hewitt,  L.  F.,  Oxidation-reduction  potentials  in  bacteriology and  biochemistry, 
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dered platinized asbestos as catalyst, and reoxidized  by air, often without removing the 
solution from contact with the cell. 
A trace of the customary dye, 2-6  dichlorophenol-indophenol,  was  always added 
to the solutions of aseorbic acid or ascorbate, to indicate its  state  of  reduction, and 
to serve as mediator at the electrode (possibly also  at the  cell  surface)  to  aid  elec- 
trometric measurement with  this sluggish  system. 
All these solutions established definite and steady potentials at the gold electrode, 
returning  to it after polarization, indicating  adequate poising for the electrode, and 
presumably for the cell, although it is admitted that oxidation or reduction at the cell 
surface might occur, throwing off the value somewhat.  However, the P.D. values with 
the cell were not appreciably different when the solutions were stirred (by bubbling with 
air or hydrogen) or remained quiet, indicating no great reaction at the surface. 
One important precaution which had to be observed was adequate buffering of the 
solutions.  It was found that without this buffering, rather prominent, but transient, 
changes of P.D. occurred on going from an oxidant to a  reductant,  and especially on 
aerating a reduced solution, although the P.D. later returned to its original level.  (See 
Fig. 7.)  These cusps disappeared, however, when the solutions were made up in dilute 
phosphate buffer, (usually 0.01 x0, at pH 7.0.  Evidently the changes of acidity accom- 
panying oxidation or reduction of a  dye, etc., were affecting the cell, rather than the 
change of Eh as such, which, of course,  still changes on oxidation or reduction in the 
presence of buffers--indeed the more reproducibly and stably.  Since  buffering is a 
standard  practice in measurements with  electrodes,  this but further emphasizes the 
difference  between the latter and the cell surface. 
A related  precaution,  and one which  is  also  largely obviated by  using  buffers, 
concerns the number of corresponding K  or Na ions, etc., associated with an oxidized 
or reduced anion.  An example is shown below in the case of ferri- and ferrocyanides, 
where three and four K  ions are respectively involved in a given molarity.  These in 
themselves cause a change of P.D. in NiteZl~ (though not at an electrode), which has to 
be corrected by using a  4 to 3 ratio of molarity in the two cases.  The effect can also 
be  corrected by adding  1/3  the  concentration  of KC1  to  the  ferricyanide  solution. 
Where dyes were employed, the buffers were sufficiently  more concentrated so that this 
valence effect was less significant. 
EXPE~ENTAL  RESULTS 
The effects produced by potassium ferro- and ferricyanide are  shown in 
Fig. 2.  It might be thought that these salts would be toxic, but the cyanide 
is already in an iron complex, and no injurious effect seems to  occur.  (Nor 
is any trace of the salt detected in the vacuole after several hours exposure, 
using  the  very delicate ferri- and  ferro-ion color  tests.  This  agrees with 
the apparently low ionic mobility of the ferro- and ferricyanides, as noted 
below.) 
A prompt shift of some 80 my. is first seen on changing from pond water 
to 0.005  M 1~ ferrocyanide, but this may be attributed  to the increase of 
K  ion concentration, since KC1 of the equivalent K  concentration  (0.02 ~), 
maintains  the  same  P.D.  when  substituted  later.  A  similar  explanation L. R.  BLINKS  AND  M.  J. PICKETT  37 
accounts for the change of P.D. when 0.005 ~t 1~ ferricyanide is substituted 
for  the 0.005  ~t  ferrocyanide; the  P.D.  becomes  less negative, but  is re- 
stored to essentially the same value when the concentration is increased to 
20i  water ).005~ [ 
c3an  ,. 
2o  0.005  
ya & 
.- 60  o.o2M 
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FIG. 2.  Effect on P.D. Of applying potassium ferro- and ferricyanide to N~/a  cell 
as compared with KC1 of equivalent K concentration.  There is an initial positive P.D. 
of some 40 my. between the two ends of the cell, when both are in pond water.  On 
application of 0.005 M Ka ferrocyanide to the lower end, the 1'.I). shifts by 80 inv., to 
40 my. negative.  Changing to 0.005 H Ka ferricyanide drives the P.V. less negative by 
some 15 my., but this is due to the decreased K concentration; when the latter is cor- 
rected by using 0.0066 x~ K8 ferricyanide, the 1,.D. is essentially  the same as in ferrocy- 
anide, although the Eh values of the two are 150 my. apart.  Substitution of 0.02 ts 
KCI also maintains the same z,.D.  Restoration of pond water (P.W.) restores the 1,./). 
toward its original value (not always immediately reached after K exposures). 
The sign of the 1,.D. is that of the lower, experimentally changed solution; a positive 
P.x). tends  to  produce positive  current outward  across  the  protoplasm  toward  this 
solution, and thence toward the electrometer.  Figures in parentheses (Eh values in 
volts) represent the oxidation-reduction potential of the solutions,  as measured at a 
gold electrode in contact with them.  Arrows show time of changing solutions. 
All solutions  (except the pond water) were made up in 0.01 ~ Na phosphate buffer, 
at pH 7.0. 
0.0066 ~r, bringing the K  ion concentration to 0.02 N.  (The higher activity 
coefficient of ferricyanide  ~° may also influence the effect.) 
It should be pointed out that this small correction for the K  ion concen- 
tration  produces no  significant  shift in  the  Ea  values  of either ferro- or 
ferricyanide.  Furthermore,  the  bioelectric  difference between  equa/mo- 
larities of the two salts is in the opposite direction to their effect upon an 38  OXIDANTS  AND REDUCTANTS  ON NITELLA 
electrode; ferficyanide makes the electrode more positive, while it makes 
the cell more negative (or the outer solution more positive, in the bioelectric 
convention). 
In  general,  when  the  K  concentration  is  kept  constant  by  making 
similar  adjustments  of  the  total 
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FIG, 3. Similar  effects  of K  ferro-  and 
ferricyanides,and  of KCI, when the K  ion 
concentration is adjusted to be the same in 
each case (here K  =  0.015 u).  The Large 
change of P.D. on replacing pond water with 
0.005 M K8 ferricyanide, is scarcely altered 
on changing to 0.0037S M K4 ferrocyanide, 
nor from that to 0.015 M KCI.  (AU these 
solutions made up in 0.01 M Na phosphate 
buffer  at  pH  7.0.)  The  original value is 
nearly  regained  on  restoration  of  pond 
water (twice renewed to wash away traces 
of KC1). 
Designations as in Fig. 2. 
concentrations of salts, then all K 
salts  give  much  the  same  P.D. 
(Fig. 3), whether they are ferri- or 
ferrocyanide, chloride, sulfate, etc. 
Evidently the anion is a matter of 
little importance, being so  slightly 
mobile in all cases that the cation 
determines the P.D.  In line with 
this,  Na  ferri-  and  ferrocyanides 
give  less  P.D. change than  the  K 
salts  for  a  given  concentration, 
which agrees with the  lower  mo- 
bility  of  the  Na  ion,  while  the 
oxidation-reduction  potential  of 
Na  salts  is  of  course  essentially 
the same as that of K  salts. 
A similar indifference to the state 
of  oxidation,  here  of  a  natural 
plant product, ascorbic acid (vita- 
min  C,  cevitamic  acid Merck)  is 
seen in Fig. 4.  Here 0.005 M ascor- 
bic  acid,  neutralized  just  before 
with  NaOH,  and  buffered  with 
phosphate buffer  at pH  7,  estab- 
lishes  essentially  the  same P.D. on 
the cell as the buffer itself, or the 
ascorbate well oxidized by long air 
bubbling or exposure to H~O~.  As 
is  well  known,  only  the  ascorbic 
acid  establishes  a  stable  potential  at  the  gold  electrode,  the  more  oxi- 
dized forms, e.g., dehydroascorbic acid being poorly reversible.  TM  The latter 
must  therefore  be  regarded  as  furnishing indifferent ions, comparable  to 
22 Borsook, H., Davenport, H. W., Jeffreys, C. E. P., and Warner, R.  C., J. Biol. 
Chem.,  1937, 11V, 237.  King, C. G., in Cold Spring Harbor symposia on quantitative 
biology, Cold Spring Harbor, Long Island Biological  Association, 1939, 7,  137. L. R. BLINKS AND  M. J. PICKETT  39 
chloride or sulfate, etc.,  valuable here chiefly to  maintain  an  equivalent 
ion  concentration,  their  more  positive potential  being due to impurities 
(iron,  etc.).  But  the  well poised,  reducing ascorbate  ion evidently  has 
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FIG. 4. Effect  of normal (reduced) and oxidized  Na-ascorbate of the same concen- 
tration  (0.005  M), made up in 0.01  M Na phosphate buffer  at pH 7.  The P.D.  is  first 
shown with the lower end of the cell in contact with the buffer alone; then the reduced 
ascorbate is added, with a  small shift of P.D.  This is scarcely altered when the oxi- 
dized form is substituted, nor on repetition of these two exposures.  On the contrary, 
when the buffer is replaced by 0.01 ~t NaC1,  and this in turn by 0.001 r~ NaC1, large 
changes of P.D. are produced. 
The reduced ascorbate was made by neutralizing ascorbic acid (vitamin C, cevitamic 
acid, Merck)  with  NaOH.  Half the sample was then oxidized  with HzOs, the latter 
boiled off, and reneutralized with NaOH.  The oxidized sample probably was a mixture 
of the several oxidation products of ascorbic acid, but did not reduce 2-6 dichlor-phenol- 
indophenol, a  trace of which was present to indicate the state of reduction.  The Eh 
values given were observed at a gold electrode, the poising of the oxidized form probably 
being due to impurities and the dye. 
no more electrical effect upon the cell than have these indifferent,  unpoised 
oxidized  products,  although  their  apparent,  or effective Eh lies over 200 
my.  apart. 
Turning  now  to  dyes  for  more  reducing  systems,  Nitella  displays  the 
same indifference to oxidized and reduced ortho-chloro-phenol-indophenol, 40  OXIDANTS  AND  REDUCTANTS  ON  NIT:ELLA. 
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FIG.  S. Effect  of  ortho-chloro-phenol-indophenol,  oxidized  and  reduced  forms, 
used 1/~ saturated (approximately 0.001 M) in 0.005 M Na phosphate buffer at pH 7.0. 
There is no very significant difference when either of these forms is applied, compared 
to the buffer alone, in which the P.D. is also somewhat unstable.  This is despite the dif- 
ference of 615 my. in the Eh of the oxidized and reduced forms (the latter reduced by 
bubbling hydrogen, with  powdered, platinized asbestos as the catalyst,  suspended in 
solution).  On the other hand there is a good response to substitution of 0.001 M NaC1 
for the buffer. 
~6C 
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Fit;. 6.  Effects of 0.001  u  indigo-disulfonate, in oxidized and reduced form, on the 
P.D. of Nitella.  The dye, dissolved in 0.01 xt Na phosphate buffer at pH 7.0, was ap- 
plied at the first arrow, making the p.D. about 30 Inv. more negative than in pond water, 
because of the more concentrated salts present.  The leuco-form (reduced by hydrogen 
plus platinized asbestos)  was then applied, with no significant change, despite the 475 
my. shift in oxidation-reduction potential.  Nor was there a change on re-oxidation (by 
aeration).  Two test  stimulations,  (marked S)  gave good responses  (not shown)  and 
slightly decreased the P.D. 
In contrast, large changes of P.D. occurred on restoring pond water (P.W.), and on 
changing from 0.01  u  NaCI (about equivalent to pond water here)  to 0.001  M NaCl. L. R. BLINKS  AND  M.  J. PICKETT  41 
dissolved in phosphate buffer, and used in the oxidized, colored form, as 
well as the reduced, leuco-form.  Aside from initial cusps (which frequently 
occur with Nitella on any change of solution, probably due to varying length 
of the cell exposed to solution, etc.) the P.D. is within a few miUivolts with 
each form, although the Eh as measured on the gold electrode was +0.345 v. 
for the oxidized, and -0.270 v. for the reduced form.  (Traces of impurities 
may have poised this reduced dye at the low value found, the  E~  being 
accepted as  +0.233  v. at pH 7.)  Neither is it essentially different with 
the plain buffer, although a  certain amount of drifting is evident in all 
these solutions in Fig. 5.  Compare, however, the much larger P.D. change 
produced on going from 0.005 ~r phosphate buffer, to 0.001 ~r NaC1, at the 
end of Fig. 5, showing the usual large ionic concentration effect. 
Similar indifference to an oxidized and reduced dye is shown in Fig. 6 
for  indigo-disulfonate  (in  phosphate  buffer).  Here  the  P.D.  is  almost 
identical when the Eh is changed from +0.335 v. to -0.140 v. by reducing 
the dye with hydrogen plus platinized asbestos, or on re-oxidizing it with 
air.  On the other hand a good ionic concentration effect is again obtained 
on  tenfold  dilution  of NaC1,  and the cell stimulates normally at  the  2 
points marked S. 
The  most negative dye employed, safranin-O,  is  also  the  most  toxic 
for Nitella cells, staining their walls heavily, and eventually rendering them 
soft and impossible to stimulate.  However, over short periods, and even 
up to an hour or more, it produces little effect upon the bioelectric potential, 
whether in the oxidized or the leuco-form,  Fig. 7 shows an example, not 
with the usual buffer, but in pond water and distilled water, showing es- 
pecially with the latter the cusp that is frequently found on aerating an 
unbuffered  leuco-dye.  However,  the  earlier  oxidations  and  reductions, 
whether of 0.0001 or 0.001 ~r safranin, produce very small effects compared 
to the ionic concentration effect on tenfold dilution of NaC1. 
Finally, a mixture of two dyes was employed, one rather negative, one 
positive in Eg to obtain somewhat better poising at  extreme oxidation and 
reduction.  This consisted of equal concentrations of safranin and o-chloro- 
phenol-indophenol in phosphate buffer.  The bioelectric potentialchanged 
by less than 5 Inv. when this mixture was reduced, and the direction of the 
change was in the opposite direction to that expected at a  gold electrode, 
the solution becoming more negative instead of more positive with respect 
to the cell (Fig. 8).  The entire change may have been fortuitous, a  small 
amount of drifting 1,.D. often being found with Nitella.  On re-oxidation 
of the same solution (by aeration) there was essentially no change of 1,.D. 
despite a  total Eh change of 643 my.  On the other hand substitution of 
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Fro. 7.  Effects of safranin-O, reduced and oxidized, on P.D. of Ni~dla.  In this case 
the dye was dissolved, not in the customary phosphate buffer, but in either pond water 
or distilled Hg.0.  On changing from pond water (P.W.) at the start, to reduced safranin 
(0.0001  ~) in pond water there is a  slight cusp but no further change, nor is there on 
oxidation by air.  The concentration is then increased to 0.001 ~a, and except for irregu- 
larities, much the same P.D. is maintained,  as it also is on aeration.  On  the contrary 
there is a much greater change on substitution of 0.01 v  and 0.001 M NaC1. 
0.001 M safranin, dissolved in distilled water is then  applied, first reduced, then oxi- 
dized (by air).  The large cusp occurring at the latter change is characteristic in dis- 
tilled water, but is usually missing in buffered solutions.  It is probably due to acidity 
changes; see  text.  Several sthnulations  were given at  points marked S, with mono- 
phasic or diphasic action currents resulting (not shown) and indicating a normal condi_ 
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FIG. 8.  Effect of mixture of safranin and o-chloro-phenol-indophenol on P.D. of Nitella. 
The dyes, each about 0.0005 ~, were dissolved in 0.01 M Na phosphate buffer at pH 7, 
and were employed to give better poising at both oxidized and reduced ranges than the 
single dyes.  There is again almost a complete independence of the P.D. on the degree of 
oxidation or reduction, despite a  663 my. difference of Eh.  On the contrary, good P.D. 
changes accompany the dilution of NaC1, at the end of the record. 
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changes.  Indeed,  here,  as  throughout the  experiments,  Nitella proves 
itself a much better K or Na "electrode" than it does a gold or platinum one. 
DISCUSSION 
It is to be concluded that the outer surface of NitelIa does not act like 
an indifferent electrode, of platinum or of gold, etc., to give manifest po- 
tentials  by  reversible  electron  donation or acceptance with  the  several 
oxidation-reduction systems here employed.  18  Whether other substances, 
more "natural" or biological in character might be more effective, due to some 
specificity of enzymes or mediators in the cell surface, is not yet evident. 
But  the  question could be  answered by  this type of direct  experiment 
and will be attempted with other substances, as available.  Some of these, 
such as cytochrome, the yellow enzyme, etc., could probably not reach the 
outer surface of a plant cell because the cellulose wall would hold back the 
protein  "bearer."  But  they can  be  perfused in  the  vacuole,  and  such 
experiments will  be  reported on  Halicyais,  where  in  general much the 
same indifference has been found to the substances here used.  Complica- 
tions occur in both Hdicystls and Valonia caused by changes due to low 
oxygen tension as such,  ~, 14 quite independently of a low oxidation-reduction 
potential in the medium, but technically impossible to prevent with the 
more reducing substances.  This makes the answer more restricted; but 
it may be said that, under the conditions set by this characteristic, namely 
a  cell surface definitely altered to strictly ionic effects, there is again an 
indifference to the degree of oxidation or reduction of a  given substance, 
within a  fairly wide gh range. 
There are, however, certain changes in these other cells produced by the 
more oxidizing agents, which might on first glance be taken for an electrode- 
llke response, but which seem referable to an indirect effect of the oxidant, 
possibly  ~a  an  increased  acidity.  This will be reported elsewhere.  It 
would indeed be surprising if the cell surface, often assumed to be lipoid, 
and possibly unsaturated was not altered by strongly oxidizing or reducing 
substances.  But most of these lie outside the  range here  reported, and 
that generally prevailing in cell media or interiors. 
Unanswered by these experiments, and possibly unanswerable save by 
t8 For a recent consideration of the conditions which might make oxidation-reduc- 
tion potentials electrically manifest, either in  artificial  or  biological  membranes,  see 
Korr, I., in Cold Spring Harbor symposia on quantitative biology, Cold Spring Har- 
bor, Long  Island  Biological  Association,  1939, 7,  74  (induding  Discussion,  p.  91). 
The important biological question is not the theoretical possibility of such membranes, 
or their artificial preparation, but their actual demonstration in living cells, by direct 
methods such as those attempted in the present paper. 
14 Blinks, L. R., J. Gen. Physiol., 1939-40, 231 495. 44  OXIDANTS AND REDUCTANTS ON NITELLA 
greatly refined micrurgical technique,  15 is the question whether other mem- 
branes or phase boundaries ~.~thin the cell can respond with a manifest poten- 
tial to oxidants or reductants in contact with them.  However, such surfaces 
would have to  be practically continuous,  and electrically unshunted  (or 
slightly  shunted)  to  give  appreciable  potentials.  The  chief membranes 
of this sort known in cells are the outer, and in plants the vacuolar, sur- 
faces.  Since the outer surface responds well to many ionic changes, and 
can be metabolically altered in its response to these, an adequate explana- 
tion  for most bioelectric phenomena seems to  be  at  hand in  its  known 
properties without postulating other membranes of unknown location. 
SUMM4J1Y 
Nitella  cells were exposed to various oxidants and reductants, to  deter- 
mine their effect upon the bioelectric potential.  These included five sys- 
tems, with an Eh range from  +0.454  v.  to  --0.288  v.,  a  total  range of 
0.742  v. 
When proper regard was given to buffeting against acidity changes, and 
concentration changes of Na or K  ions in the oxidized and reduced forms, 
no significant effect upon the bioelectric potential was found: 
1.  When an oxidant or reductant (K ferri- or ferrocyanide) was applied 
instead of an equivalent normality of an "indifferent" salt  (KC1). 
2.  In changing from a given oxidant to its corresponding reductant (ferri- 
to ferrocyanide; oxidized to leuco-dye, etc.). 
3.  When a mixture of 2 dyes, (indophenol with positive E~, and safranin 
with negative EL) was oxidized and reduced, to give better poising at the 
extremes. 
It is concluded that the outer surface of this cell is not influenced by the 
state of oxidation or reduction of the systems employed; at least it does not 
respond with a manifest change of bioelectric potential to changes in oxida- 
tion-reduction  intensity  of  the  medium. 
The cells continued to show, however, at all times their usual response to 
concentration changes of KC1,  NaC1, etc., and to electrical stimulation. 
15 An experiment of Umrath (Umrath, K., Protoplasma, 1933, 17, 258) was directed 
toward the opposite question, namely, whether there was a change of oxidation-reduction 
potential  within the protoplasm when the bioelectric potential underwent a  change. 
He employed two contacts within the protoplasm of Nitella, one a platinum electrode, 
the other a micro-salt-bridge leading to a distant reversible electrode.  On stimulating 
the cell, little or no change of potential occurred between these two contacts, indicating 
no change of internal oxidation-reduction potential, although the usual large action 
potential was picked up by an external electrode.  This is the complement of the ex- 
periments here reported: a large bioelectric change, accompanied by no change of Eh 
within the protoplasm. 